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ATTITUDE-WIND-TUNNEL INVESTIGATIONS OF THRUST
AUGMENTATION OF A TURBOJET ENGINE
- PERFORMANCE WITH TATL~PIPE BURNING

By W. A. Fleming and R. 0. Dietz

SUMMARY

Thrust auvgmentation of & TG-180 turbojet engine by buming fuelr
in the tall pipe has been investigated in the Cleveland altitude wind
tunnel. The engine thrust and the fuel consumption were determined
for a wide range of simulated flight conditions and tsil-pipe fusl
flows. The investigation was particularly directed toward eveluation
of %thrust augmentation for high-speed and high-altitude £flight. The
engine tell pipe was modified for the investigation to reduce the
gas velocity si. the inlet of the tall-pipe combustion chamber.

The thrust of the standard TG-180 engine was increased 109 per-
cemt by tail-pipe burning when investigated under conditions corre-
sponding to a Mach number of 1.18 at a simulated altitude of
30,000 feet, At these simulated flight conditions the specific fuel
conswnption, defined as the pounds of fusl burned 1n the engine and
tail pipe per pound of net thrust, increased 67 percent sbove the
gpecific fuel consumpiion for the standard englne without tail-pipe
burning. The cycle efficiency and the thrust increment from tail-
pipe burning decreemed with & decrease Iin simulated flight speed.

At a simulated altltude of 30,000 feet and & flight Mach number of
0.7, the thrust was augmented 95 percent and the specific consumption
increased 91 percent sbove the consumption of the standard engline.

The general irends cf the experimentsl values were in agreementd
with values calculated from theoretical equations.

TINTRODUCTION

Thrust auvgmentatlon of turbojlet englnes to provide military
ratings is of extreme importance in increasing. their usefulness and
range of application. The burning of fuel in the high-pregsure
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reglon of the taill pipe provides a practical cycle for increasing

the thrust of the Jet engine wilthout increasing the temperature or
stresges in the turbine buckets or otherwise disturbing the normal
cycle of the engline operation provided that the tall plpe 1s equipped
with an adjustable-ares nozzle.

An investlgstion of thrust auvgmentation by tall-pipe burning
hag therefore been conducted in the Cleveland altitude wind tunnel
to determine whether the theoretlcally predicted performance of
tall-pipe burner installations could be practically achieved.
Particular attention wes directed toward the evaluation of perform-
ance at high speeds and altitudes.

The most lmportant requirements for the ideal tail-plpe burner
are: : _

1. Maximum thrust at high efficiency

2. Wide range of stable burner operation

3. Minimum thrust loss for operation without tall-pipe burning

4. Minimum change in over-all dimensions of the engine

5. Adequate tail-pipe cooling ; 2
6. Light weight

The fulfillment of these obJectlves introduces numerous research
problems. In this Ilnvestigation attention was concentrated on the
attainment of the flret two requirements.

The gtandard tail. pipe of the TG-180 Hurhojet englne was
replaced with a larger tall plpe designed to provide favorable con-
ditions for combustion; no particular consideratlon was given to
size and weight of this installation. A series of Interchangesble,
fixed-~area nozzles was used because no variable-area nozzle was
aveilable. The investlgation was made at ram-pressure ratios
between 1,045 and 2.35, corresponding to flight Mach numbers from
0.25 to 1.18, and at simulated altitudes of 5000 and 30,000 feet.
Alr was supplied to the engine through a duct at pressurea corre-
sponding to conditione at each simulated altitude and airspeed.

Performance results of the tail-plpe burning inveatigation
on the TG-180 turbojeﬁ engine and a comparison of experimaental
regults with theoretical calculations are presented,
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SYMBOLS
The following symbols are used in the calculations:
A cross-gectional area, square feeb
& speed of sound, feet per mecond
B thrust scale reading, pounds
Cp external drag coefficlent of installation (determined from
power-off tests)
Cp gspeclfic heat of gas at constant pressure, Btu per pound
per OF
FJ Jet thrust, pounds
Fa net thrust, pounds
& acceleration of gravity, feet per second per second
d mechanical equivalent of heat, foot-pounds per Biu
M Mach number
m mass flow, sluge per second
P total pressure, pounds per aquare foot absolute

Pl/po ram-pressure ratio

D static pressure, pounds per squaere foot absolute
a dynamlc pressure, pounds per square foot

R gas consgtant

S wing-gsectlon area, square feet

T total temperature, °R

Ty indicated temperature, °R

5 static temperature, °R
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v veloclty, feet per second

Wa air flow, pounds per second

Wf totel fuel consumpiion, pounds per hour

Weg turbo Jet-engine fuel consvmptlaon, pounds per hour
Wfﬁ tail-pipe fuel cansumption, pounds per hour

Wé exhauet gas flow, pounds per second

We/F, specific fuel consumption based on net thrust and total
fuel consumption, pounds per hour pound thrust

f/a fuel-alr ratio based on total fuel flow to engine
and tall pipe
¥4 ratio of specific heats for gases
p megs density of gas, alugs per cubic foou -
T total-temperature ratio across tall pipe, TlO/TG
Subscripta: 1 4
& exhaust gas
J exhaust Jet at vena cantracta
r inlet duct at survey rake, statlion r
' inlet duct at slip Joint, station x
0 tumnel test-section free-alr stream
1 cowl inlet : ) ) T o -
6 diffuser inlet
10 tail-pipe nozzle outlet : e e e - : Lz

FUNDAMENTALS OF TATL~PIFE BURNING

The Jet thruat of the turbojet engine is equal to the product
of the mass rate of gas flow and the Jet velocity. Thruast

GOl
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augnentation of a turbojet englne by burning fuel in the tall plpe
results in an increase of the final Jet wveloclty. The wvalue of the
Tinal Jet velocity is given by

/- 7-1

P 7 2
v, = a (P_lg) -1 524 (1)
A

Inasmuch as the speed of sound of the Jet a. 18 proportional %o

the aquare root of the absolute temperature of the jet, 1t follows
that the Jet thrust is also provortioral toc the sguare root of the
absolute temnerature of the Jjet. Maximum final jet temperatures are
reached when sufficient fuel 1s added in the tail.plpe to buwrn com-
pletely all the oxygen in the air passing through the engline. Max-
imum thrust is obteined when the engine is operated at the maximum
allowable éangine speed and turbine-ocutlet temperature. These
operating conditlons correspond to maximum total pressures of the
ges at the discharge of the turblne.

fs the amoumt of fusel burned in the tall pipe is varied, the
tall-pipe nozzle area must be changed to maintain maximum allowable
engire conditions. An exmression for jet tkrust involving Jet erea
and. jet Mach number is

Ty = YA My” @
end the Mach number aquared is
-1
2 2 P10\~
M2 = o -1 (3)
by ¥y - 1 PO

Jet Mach number M, is principelly a functlion of the total-
Tressure ratio PIQ/PO: which remslng eassentlally constent at fixed

engine aud flight conditions and, if losses are disregarded, ls
independent of the Jet temperature. At the maximum alloweble engine
onerating conditions, the Jet tiirust ls therefore proportional to
the Jet area (egustion (2)). Because the Jet thrust at fixed engine
operating condltions is proportional to the square root of the Jet
temperature, it follows that the Jet area required to maintain max~
imas allowable engine coperating conditions wlll be proportional to
the square root of the Jet temperature.

OOrERR ki
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INSTALLATION FCR TATL-PIPE BURNING
IN TG-180 TURBOJET ENGINE

The TG-18C engine kas an ll-gtage axlal-flow compressor, eight
cylindrical combustion chambers, & single-stage turbine, and an
exhaust nozzle. The over-all length of the standard engine l1s
14 feet and the meximum diameter ig 26 1nclkes.

The standard tail plpe was replaced by = modifled tall pipse,
which was lengthened to include g diffuser, a 5-foot combustion
chamber, a reducer section, and a tall-pipe nozzle. A sketch of the
installation is shown in figure 1. The diffuser (fig. 2) was
designed to reduce the average gas sreed Lo approximately 300 feet
per second.

The flame holder used in the tail pipe (fiz. 3) consisis of
vertical and horizontal V-type gubtters and is a modification of the
type found to be matisfactory in altitude wind tunnel investigatlions
of an NACA 20-inch-diemeter rem Jet. Fuel was sprayed normal to the
direction of gas flow through emall holes in seven horizontal spray
bars, which were attached %o the upstream side of the horizontal
V-tyne gutters in tha flame holder and to e manlfold ocutside the
wall of the flame-holder section (fig. 3(a)). Fuel waa supplied %o
the spray bars at pressures from 5 to 175 pounds per square inch,
depending on the operating condition. The tall-pipe fuel was
ignited eitker by means of propane blown over & spark plug or by
rapld acceleration of the engine,

A circulsr combustion chamber 34 inches 1n dlameter and & feet
in length wae located immedlately downatream of the flame holder,
A reducer sectlon and an exhaust nozzle converged to form the desired
outlet area., Downatresm of the flame holder the tail plpe was
wrapned with 0.75-lnch-diameter copper tubing., Weter was circuleted
through this tubing to prevent sxcessive shell temperature.

WIND-TUNNEL INSTALTATION AND TEST FROCEDURE

The TG~180 turbojet englne wes suspended from a witg section
inatelled in tlhe 20-foot-diamster test sectlion of the altitude wind
tunnel (fig. 4). The ingtsllation was simplified by omitting the
.cowling. Dry refrigerated alr was supplied to the engine throuch a
duct from the tunnel make-up alr system (fig. 5). A frictionless
sealed glip Joint in - the inlet-alr duct 40 feet upstream of the engine
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iniet made 1t possible to measure the thrust with the tunnel balance
scale system. The air wssa throttled from approximately gea-levsl
pregssure Lo the desired rressure st the engine inlet while the pres-
sure in the wind-tunmel test section was maintained at the desired
altitude, The tenpereture of the engine inlet alr was regulated to
the approximate NACA stendard temperature ccrresponding to the sim-
ulated fligat snesd =nd gluitude.

Preliminary czlibration runs were made with a gtandard engine
equivned with a lﬁg-inch—diameter nozzle to provide a basis for

evaluating the changes in performence resulting from tail-pipe
burning.

The investigations were conducted at simulated altitudes of
EC00C and 30,000 feet end rem-mressure ratios from 1.045 to 2.35,
whilch correspond to flight Mach nmmberes from 0.25 to 1.18. At each
simulated flight condition, the TG-180 engine wasg operated at a
speed of 7620 rpm and data were obtalned atv various fuel flows
throughout the operavle range of the teil-pine combustion chamber.
The minim=m fuel flow was determined by combustion blow-out in the
tail pipe and the maximun fuel flow was determined by the limiting
turbine-discharge temperature (1220° F). Tall-plipe nozzles larger
then standard were needed to permit high fuel flows for the tell-
pipe burning without exceeding permiseible turblne temperatures.
Because no continucusly variable outlebt-area nozzle was available,

Tixed nozzles of 18-, 19%—, end 2l-inch diameters were substituted.

A survey rake was mounted in the inlet duct upsbream of the
engine inlet (fig. 5) to measure the englne sir fiow. Pressures
end temperatures of the gasos were measured at 10 stations in the
engine (fig. 1). The tail-pipe rake, station 10, was so mounted
that 1% could be retracted from the nozzle outlet, Measurerents
were made wilth this rake omly for comditlions with no tail-pipe
buwrning because of tie nigh gas temrneratures when fuel was burning
in the tail pipe. Thrust was determined from the balance scales
for all the test canditions for which data are presented. The
mothodas used to determine thrust and air flow from these measure-
ments are given in appendix A. Kerosemne (AN-F-32) wag burned in
the engine and 6Z~-cgctane wnleaded rasoline was burmed in the tall-
pipe combustion chamber. Tke fuel flow to each component was
measured by calibrated rotameters,



8 COMNEESEN S NACA RM IJo. EBIZ20

DISCUSSION OF RESULTS

Data obtalned 1n thils investigation are presented 1n figures 6,
T, and 8 for three tail-pine nczzle dismeters, two altitudes, and
five ram-pressure ratics, respectively. Each of these figures pre-
sent (a) Jet thruat, (t) met thrust, (c) engine fuel consumption,
(&) specific fuel cansumption based om net thrust, (e) alr flow,
(f) total fusl-zir ratlo, and (g) tail-vipe total-pressure ratio as
functions of tail-pipe fuel conswiption. A 1limit line 18 drawn l1n
gsome figures to show the conditions at which the maximum allowable
turbine-outlet temperature (122G° F) was attaired.

The engine with the standard tail nipe and nozzle operated at
anproximately limiting tall-pive temreraturses at low aliitude and
low airspeed conditions, A% 320,000 feet and at the high ram- .
pressure ratice at which tho investigations woere conducted, the tall-
pipe temverzture wes lower than tite maximmm sllowsble temperature.

A varisble-area nozzle should be ueced to maintgin limiting tall-pine
tenperature, Becausé prefont lunstallaticas of Jet engines do not
use & variable-area nozzle, the results of the tall-pipe burning
tests have been compared with the engiune usicg e standard nozzle

with a fixed diameter of 157 Inches.

The significant results of this investigstlon were obtained
at conditions where the turbino-ocutlet temperaturses reached the
limiting value of 1220° F, as indicated by the dashed lines in fig-
ures 6 to 8. The sUCeasding discussion wilil be conflned to the
results obtained at these cornditlons.

The Jet thrust at conditions of limitwung turbine-outlet tem-
verature and maximum engine sneed Iincreased In direct proporiion
to the increase in teil-plpe nozzle area, ae shown in figure S.
The gtraight line on trke graph shows the ldeal thiust calculated
by ecuat ong (2) and (3)}. The Jet thruat obtained was rbout _
17 nercent less taan the valre compubed by theory. The difference
betwaer theoretical and experimental results is atiributed to
friction and combustion-nresgure losgeg ln the tall plpe,

The lose in total pressure in tae modified tall pipe was
determined from the difference in total pressure at the diffuser
inlet (etation 6) and the total pressure at the tail-plpe nozzle
outlet (etation 10). The losges were msasured whon tke engine was

oquipped with a standard 16§-inch-diameter nczzle and no burning

weas progent in the tall pipe. The cold friction coefflcient
(Pg - F1g)/ag wae 0.7 qz, which corresponded to & total pressuro
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loss of T percent., The losses were smaller in the standard tail
pipe than in the modified tall pive; the data for the standard
engine in figure 9 were therefore expected to fall between the theo-
reticgl and experimental curve. As previously mentioned, during
operation at high simulated albtitudes and high rem-pressure ratios,
the limiting temveratures were not reached with the standard

153-1nch-diameter tail-pipe nozzle, which explains why the thrust
for the standard engine was lower than expected.

The relation among Jjet thrust, total temperature of the Jjet,
and total-tempersture ratio T is shown in figure 10. The values
of total temverature were computed by eguation (B-5) in appendix B.
Combustion temperatures of 3360° R were reached (fig. 10). Fig-
ure 11 shows the relation among teil-pipe fuel consumption, total
fuel-air ratio, and tobtal-temverature ratio across the tail pipe.
A dashed line has been drawn showing the theoretical temperature
ratio assuming 100-percent combustion efficilency and & heating value
of the fuel equal to 139,000 Btu per pound. The theoretical btemper-
ature ratio did not increase liuearly with the fuel-air ratio
because of the variation in the epecific heat of the gas with gas
temperature. The mean value of tall-pipe combustion efficlency
computed from thig Figurs For Tesults obtained at an altltude of
30,000 feet and a ram-~pressure ratio cf 1.66 1ls sbout 70 percent,
At ram-pressure ratiocs of 1.045 and 2.35 cambustion efficiencies
of approximately 65 and 83 percent, respectively, were obtained.
The increased combustion effliciency at high ram-pressure ratios
results from the higher oressure in the tail plpe at the high ram
conditiona and is in gensral agreement witn reaulte obtained in
other combustion studilea. '

The maximum total fuel-gir ratio atteined at a ram-pressure
ratio of 1.66 and en altitude of 30,000 feet was 0.057 with a
21-inch-diameter tail-pipe nozzle. Fuel-alr ratios closer o
gtoichiometric with correspondingliy greater thrusts might have been
obtained with a slightly larger tail-~pipe nozzle.

The increase in thrust resulting from tall-pine burning results
in higher specific fuel consummtions than for the standard engine
(fig. 12). When fuel was burned in the tall pipe at 30,000 feet
and a ram~pressure ratio of 1.88, the net thrust was 3020 pounds
with a net thrust specific fuel consumption of 2.50 pounde per hour
per pound of net thrust as compared with a net thrust of 1530 pounds
and a net torust specific fuel comsumption of 1.36 pounds per hour
per pound of net thrust for the standard engine without tail-pipe
burning at the same flight conditions,
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The effect of altitude on tall-plpe burning was obtalned Ifrom
tests with a 2l-inch-diamster tail-plpe nozzle at iow ram-pressure
retios. The total fuel-alr ratloe and the tall-plpe total-pressure
ratlios Ps/r at limifting tall-pipe tamperatures were much lower

at 5000 feet than at 30,000 feet (figs. 7(f) and 7(g)). The higher
combustion efficlancles at low altitudes were primarily responslble
for the lower observed fusl-air ratios at 5000 feet. The total-
pressure ratlioc scroes the tail plpe Increased at higher altitudes
owing to the increase in the campression ratio of the engine cam-
presgor as the inlet temperature was loweired. A8 a result of the
higher tail-plpe total-pressure ratios at the highsr altitudes,
larger percentage Increaseg in thrust available iram tall-plpe
burning were possible at 30,000 feet than at 5000 feet (fig. 13).

Incregsing the ram-pressure ratlo incressed the mass flow of
gages through the engline snd the total~pressure ratio PS/PO acroas

the tail pipe (fige. 8(e) and 8(g)). A cross plot showlng the
variation of tail-pipc total-pressure ratio with ram-pressure ratlo
at liriting turbine-outlet temperatursa is shown in figure 1l4.
Experimental and theoretlcal values of the verilation of Jet thrust
with tail-pipe total-pressure ratio at limiting turbine-outlet tem-
peratures and at an gltitude of 30,000 feet are shown in figure 15.
The thecretical results ware calculated by means of equations (2)
and (3). The experimental values are lower than the theoretilcal
valueg owilng to friction and combustlon pressure losses In the taill

pipe.

The measured values of net thrust at an altitude of 30,000 feet
for the engine wilth a standard 162—inch—diameter nozzle and for the

engine squipped with the tall-pipe combustion chamber and a Zl~inch-
dlameter nozzle are shown in figure 13. The values given for the
engins with tail-pipe burmer represent a limiting temperature of
1220° F &t the turbine outlet. The results are replotied in fig-
ure 17 to.show the percentage increess in net thrust attributsble

to tail-pipe burning.

The net thrust was increased 71 vercent at a Mach mumber of 0,25,

95 percent at 0.7, and 109 percent at 1.18. A further increase in
thrust is believed posaible by so increasing the nozzle aizs that

the effective total fuel-air ratio of the enuine is brouzht up to the
atoichiometric value.

Specific fuel consumptions bssed on net thrust that corresrond
to the thrust resulis of figure 16 are shown in figure 18. The
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gpecific fuel consumption lncreased 126 percent at a Mach number of
0.25, 91 percent at 0.7, and 87 percent at 1,18, The improvement
in efficiency and thrust augmentation with increase in airplane
gpeed is clearly demonstrated,

SUMMARY OF RESULTS

Results from an investigation in the Cleveland altitude wind
tunnel of thrust augmentation of a TG-180 turbojet engine wlth
tall-pipe burning were as follows:

1. At an altitude of 30,000 feet, the net thrust of the stand-
ard engine was increased Tl percent at a Mach number of 0.25,
95 percent &t a Mach nwmber of €.7, and 108 percent at a Mach number
of 1.18. The corresponding incresses in specific fuel consumption
were 126, 91, and 67 percent,

2. As a result of the higher tail-pipe tobtal-pressure ratios
at the higher altitudes, larger percentege increasses in thrust
available from tall-pipe burning were poassible at 30,000 feet than
at 5000 feet.

3. An adjustable-ares tail-plipe nozzle is reguired in order to
obtain benefit from taill-pipe burning. At an altituds of 30,000 feet
and a raw-pressure ratio of 1.65, the optimum diameter with tall-pipe
burning wes alightly larger than 21 inchkes, as compared with the

standard nozzle diameter of 16% inches.

4, At an sltitude of 30,000 feelt, the combustion efficiency of
the tail-pipe combustion chamber varied from 65 percent with the low
pressure in the teil pipe, which is associated with a ram-pressure
ratio of 1.045, to 83 percent with the hlgher tail-pipe pressure,
which is sssocisted with a ram-pressure ratio of 2.35.
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5. The engine performance charachterlstics experimentally
determined with tail-pilpe burning were compared with thome calcu~
lated from theoretlcal equations and the general trends of the
experimental and theoretical values were In agreement, The Jet
thrust obtained with talil-pipe burning was 17 percent lower than the
jot thrust estimated from a simple analysis that did not include
logsen.
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APPENDIX A

METHODS OF CALCULATION
Temperature

A cold calibration of a sample thermocounle up to a Mach nim-~
ber of ebout 0.8 showed that the thermocouple measured the static
tenperature plus aprroximetely 85 percent of the adiasbatic tempera-
ture rise owing to the lmpact of the air on the thermocouple.
Static temperature may be determined from indicated temperature by
applying thias factor to the adiabatic relation between temperature
and pressure in the following mamner:

T,
5 = z — (A-1)
r-1
PN 7
1+ 0.,85f=! - 1
and the total tempersture
-1
7-1 P
/BN 7 Tigi)
T = t\i) = L (.A.-Z)
/ y-1
PNT
1+o0.850{2) -1
P/
Alr Flow

The alr flow through the engline was determined from nressure
and btemperature measurements obtained with a vertical survey rake

installed in the inlet duct 11%-_‘ feet ahezd of the engine inlet
(fig. 5). Air flow was calculated by

z=1
Pr An 238 AN
W, = pp Ap Vp8 = 298% | Iz -1 A-3
2™ fr R tn (Pr} (8-3)

The statlic temperature In equation (A-3) was obtained by use of
equation (A-1).
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Jet Thrust

Jet thrust was debtsrmined from the balance~scale msmguranents
by combining the forces on the lnstallation in the following
equation:

VaVx
Ty = B + CpaS =g + Ax(Px - po) (A-4)

The second term in the right-hand side of equation (A-4) repiresents
the extermal drag of the installatlon and the third and fourth
terms combined represent tbe force on the inetallation at the fric-
tionless slip Joint inm the inlet-sir duck.

Eqaivalent Airspeed
Inasmuck as all calculatioms are based on 100-percent ram

recovery, the egqulvalent airsmeed corresponding to the raw-pressure
ratio at the engine inlet can be eoxnregsed by

/ f Xa

: ./'PG\‘,
V. = 2485y T 1 -f=s—1 -8
0 /\\/ €3p 11‘_ 2 (a-8)

Because the adlebatic tomperature rise due to the cowl-inlet Telocity
wvad low, the equlvaelent free-stresm total temperature can be eagimed
equel to the cowl-Inlet indlcated tempesraturs. The uge of this
sgauwption introduces an erryor in airspeed of lese than 1 percent.

et Thrust

When equations (A~3), (A-4), end (A-5) are combined, the equiv-
alent free-streem wmomontum of the inlet alr may be subiracted from
the Jot thrust and the followlng equetion for net thrust is obtalned:

¥, Vq

- (4-6)
(=

Fn-'—'FJ"
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APPENDIX B

DERIVATION OF EQUATIOW FOR ESTIMATING GAS
TEMPERATURE FRCOM THRUST AND ATR FLOW
In all cases covered in this report, the Jet velocity was
supersonic., Tt ie therefore assumed that sonic velocity exists &b

the outlet of the tail-pipe nozzle, station 10, The Jjet thrust F 3
is given by o

Ye
Fs = V1o *+ A10(P10 - 20)

The velocity Vin equals the sonic velocity &y4; consequently,

=

Fy= fé‘- a1 + 81(P1g - Bp) (B-1)

The pressure pl 0 at the nozzle outlet can be eliminated by the

equation of continuity

Wg = Pig 249 V10 8
78P1g Aig
=20 Wu,
810
But M'.LO = 1.0; therefore
Vg 819

P10 T ¥g A1

Equation {B-1) can then be reduced to

W, a
g 10( 1
F, = —=——"- 1 + = - A
b 10 Po

J g

e

ot
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Solving for a,g,,

Fs *+ Do A0 /
78 .
%10 = Vi 2\7 + 1) (3-2)

(3]

The static tempsrature gt station 10 1s related to ajg by

ac2

5
78R

(3-3)

1G

and the relation of total to static temperature at station 10, where
M=1,0, 18 ' '

-1 l+9 T _
=1+ io=a=F1 S (B-4)

o3

When equations (B-2), (B-3), =nd (B-4) ere combined, the following
expreggion for the total tempersturs Ty 1. obtaired:

2
_iFat 2o M0%  ge

Typ =
10 W2 2R(y + 1)

(B-5)
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Altitude, 30,000 feet; 2l-inch-diameter tail-pipe noszle,
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Figure 9.- Belation between nozzle area and thrust of turbo-
Jjet engine with tail=pipe burning. Engine spoed, 7600 rpm;
turbine-outlet temperature, 12207 F; ram-pressure ratio,
1.66; altitude, 30,000 feet: Value of y was assumed equal
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temperature, 1220° F; ram-pressure ratio, 1.66; altitude,
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Figure 13.- Effect of altlitude on percentage increase in thrust
from tall-pipe burning with turbojet engine. Engline speed,
7600 rpm; turbine-ocutlet temperature, 1220° P; ram-pressure
ratio, 1.045; 2l-inch-diameter tail-pipe nozzle.
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Figure 17.- Relation between equivalent flight Mach number and
percentage increase in net thrust resulting from tail-plpe

- .burning with turbojet engine. Engine speed, 7600 rpm;
turbine-outlet temperature, 1220° F; altitude, 30,000 feet.
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Figure 18.- Relation between equivalent flight Mach number and
specific fuel consumption based on net thrust for turbojet
engine with standard tail pipe and modified tail pipe with
tail-pipe burning. Engine speed, 7600 rpm; turbline-outlet
temperature, 1220° F; altitude, 30,000 feet.
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